Background Publication of a manuscript does not end an author's responsibilities. Reasons to contact an author after publication include clarification, access to raw data, and collaboration. However, legitimate questions have been raised regarding whether these responsibilities generally are being met by corresponding authors of biomedical publications. Questions/purposes This study aims to establish (1) what proportion of corresponding authors accept the responsibility of correspondence; (2) identify characteristics of responders; and (3) assess email address decay with time.
We hypothesize that the response rate is unrelated to journal impact factor. Methods We contacted 450 corresponding authors throughout various fields of biomedical research regarding the availability of additional data from their study, under the pretense of needing these data for a related review article. Authors were randomly selected from 45 journals whose impact factors ranged from 52 to 0; the source articles were published between May 2003 and May 2013. The proportion of corresponding authors who replied, along with author characteristics were recorded, as was the proportion of emails that were returned for inactive addresses; 446 authors were available for final analysis. Results Fifty-three percent (190/357) of the authors with working email addresses responded to our request. Clinical researchers were more likely to reply than basic/translational scientists (51% [114/225] versus 34% [76/221]; p \ 0.001). Impact factor and other author characteristics did not differ. Logistic regression analysis showed that the odds of replying decreased by 15% per year (odds ratio [OR], 0.85; 95% CI, 0.79-0.91; p \ 0.001), and showed a positive relationship between clinical research and response (OR, 2.0; 95% CI, 1.3-2.9; p = 0.001). In 2013 all email addresses (45/45) were reachable, but within 10 years, 49% (21/43) had become invalid. Conclusions Our results suggest that contacting corresponding authors is problematic throughout the field of biomedical research. Defining the responsibilities of corresponding authors by journals more explicitly-
Introduction
Publication of a manuscript does not end an author's responsibilities. Collaboration, access to individual participant data (such as for meta-analysis [8, 11] ), and clarification of the points made in a paper are important reasons for researchers to maintain open lines of communication with the users of that information. This is at least as important in laboratory science as in clinical research; reproducibility of basic science results has been reported by some investigators to be low [1, 7] , and in one report, only 1 .
2 of the experimental resources such as cell lines and antibodies are uniquely identifiable after publication [13] . Another report indicated that only 60% of the clinical trials provide ample information for implementation of the described intervention [4] . Unsurprisingly, an unusable report of research has been identified as one of the main reasons for avoidable waste in biomedical science, approximately estimated to affect 50% of all publications [3] .
The corresponding author holds a special position on any published work. This author is the designated person to answer inquiries, or find the coauthor who can, and should be responsive to such queries.
Aware of the importance of adequate communication after publication, we aimed to establish (1) what proportion of corresponding authors accept the responsibility of correspondence; (2) identify characteristics of responders; and (3) assess email address decay with time. Our null hypothesis is that the response rate is independent of journal impact factor. In addition, we hypothesize that response rate is uninfluenced by date of publication, author characteristics, type of email address, and possible conflict of interest.
Materials and Methods
A previous survey found that more researchers were denied data than there were researchers who admitted that they had withheld information. Researchers suspected that participants may have underreported engaging in behaviors that they viewed as contrary to accepted norms of practice [2] . To prevent this, we decided not to send a questionnaire. Instead we mimicked an actual request for additional data from their study, under the pretense of needing these data for a related review article. After approval of our institutional review board for our study, which did involve some deception but no actual physical risk, we selected 45 journals, chose one paper per year from each journal during a 10-year period (May 2003 to May 2013), and contacted the corresponding author of each of those papers. We drafted an email mentioning the contacted author's name and manuscript title, and asked the authors if they were willing to cooperate without requesting any exact data at that point.
Selection of Journals
In selecting the 45 biomedical journals, we aimed to cover the full range of impact factors. First we chose the 15 highest-ranked medical journals and the 15 highest-ranked basic science/translational research journals; their impact factors ranged from 52 to 6. Second, we included another 15 journals covering the remaining gap from 6 to 0 in five steps. We selected one basic science journal, one general/ internal medicine, and one surgery journal with an impact factor closest to each step (no orthopaedic journals were involved; Appendix 1).
In the determination of impact factors, basic science, and medical categories, we used the division used by ISI Web of Knowledge's most recent version of the Journal Citation Reports [10] . All basic science/translational research journals were drafted from the categories: biochemical research methods, biochemistry/molecular biology, cell/tissue engineering, and cell biology. The 15 highest ranked clinical journals were selected from oncology, general/internal medicine, and surgery. The categories general/internal medicine and surgery also provided the clinical journals selected. Journals had to be available on PubMed during the 10-year period, and non-English journals were excluded. Because we planned to contact all corresponding authors requesting additional information for a review article, we excluded journals predominantly publishing reviews because one preferably includes original research in a summary article, rather than content from other review articles.
Selection of Articles and Authors
A MEDLINE text summary of the selected journals' manuscripts was extracted from PubMed. We imported the text files into Stata 1 (Version 13; StataCorp LP, College Station, TX, USA) and articles tagged as reviews, editorials, letter to editors, biographies, comments, case reports, and historical articles were removed.
After random assignment of a number between zero and 1 to each article (random number generator algorithm was set to start at seed 19083457), we selected three articles ranked closest to zero for each year and journal.
Our previous experience with contacting authors showed a low rate of personal email addresses and senior authors serving as corresponding authors [12] . To ensure sufficient personal email addresses and senior corresponding authors, of the three selected articles, we chose one favoring papers with a personal email address or a senior author as corresponding author.
Four of the initially included 450 corresponding authors were excluded from final analysis because one journal did not have an email address available from May 2003 to April 2004; one paper listed a wrong email address on PubMed; and one person was included twice under a different name and asked to be removed from the study.
Correspondence
On October 22, we sent out our covert survey using an automated email message. The email was signed by one of the authors of this study (TT) and included his institute, contact details, and position as a research fellow without indicating a specific specialty (Appendix 2). After 3 weeks, replies were collected and all participants received a followup email signed by the principal investigator (JHS) and the initial sender (TT), explaining the nature of our project (Appendix 3). All data were from that moment on stored anonymously. Although the majority of responses were positive, two formal complaints were reported to our institutional review board, pertaining to the deception.
Measured Outcome Variables
We recorded the following information on the corresponding authors: response; position on paper; reported degree; personal or institution email address; date of publication; basic science or clinical research; category of medical research specialty, surgery or general/internal medicine; and any conflict of interest or industry involvement mentioned in the manuscript.
Response was defined as any nonautomatic reply to our email. Position on paper was graded as: ''first,'' ''senior,'' or ''other''; if the paper was written by one person, this author was ranked as the first author. We categorized degree as: PhD (+ others), MD (without PhD, + others), and other degrees. The degree was copied from the original manuscript, response email, or established through a Google search.
We differentiated between personal and institutional email by suffixes such as ''.edu'', ''.gov'', ''.org'', and ''.ac'' and major personal email providers: Gmail, Hotmail, Yahoo, 163, AOL. Specific delineation between basic science and clinical research articles and surgery or general/ internal medicine was established by abstract reading.
Statistical Analysis
Data were analyzed using Stata 1 (Version 13, StataCorp LP) as a result of the predominantly non-Gaussian distribution as assessed by Shapiro-Wilk test; data were compared by Kruskal-Wallis rank test. We compared discrete data using Fisher's exact test. We performed a stepwise, backward, logistic regression analysis for all bivariate analyses with a probability less than 0.10 to test for confounding influence on reply rate. By bivariate power analysis on our primary null hypothesis, we established 432 authors needed to be contacted (G*power 3.1.7; a 0.05; power 0.80).
Results
Of all deliverable inquiries, 53% (190/357) were answered by the corresponding author. Owing to an increase in the proportion of undeliverable emails, response proportions were higher for more recently published papers, ranging from 21% (nine of 43) for papers published in 2003 to 58% (26/45) for those published in 2013 (p \ 0.001; Fig. 1 ). Average impact factor among respondents, nonrespondents, and undeliverable email addresses was not different with the numbers available (median 7, 8, and 8, respectively; p = 0.44; Table 1 ).
Clinical researchers were 1.5 times more likely to reply to our email request ( clinical; p = 0.41). Other characteristics such as type of email address or possible conflict of interest did not differ between responders and nonresponders ( Table 2) . Logistic regression analysis included date of publication and field of research and those factors explained 5.7% of the variability in response. We found a positive relationship between response and clinical research (odds ratio [OR], 2.0; 95% CI, 1.3-2.9; standard error [SE], 0.40; p = 0.001). Odds of replying decreased by 15% per year (OR, 0.85; 95% CI, 0.79-0.91; SE, 0.030; p \ 0.001).
In 2013 there was no email decay and all email addresses (45/45) were reachable; however, within 10 years, almost 1 .
2 of all email addresses had become invalid (49% [21/43]; p \ 0.001; Fig. 2 ).
Discussion
After publication of a manuscript, authors should remain available for access to raw data and data clarification, especially because of the importance of individual participant data for meta-analyses [8, 11] , the low reproducibility of basic science results [1, 7, 13] , and the encountered difficulties when implementing described clinical interventions [4] . We aimed to establish how many authors accept the responsibility of correspondence and identify characteristics of responders. As a result of susceptibility for desirable answers when authors are aware they are completing a survey, we mimicked an actual data request. We hope that this study, confirming that contacting corresponding authors is problematic throughout the field of biomedical research-nearly 1 .
2 of all authors with a working email address did not respond to our inquiry-will create awareness regarding author responsibilities after publication. This study has some limitations. Because we did not request specific data immediately, some recipients might have experienced the email as ambiguous and therefore did not respond to it. After explanation of our survey, four authors confirmed that this sense of unease was the reason for them not to respond. However, inquiry regarding distinct data would lead to a far greater investment of recipients' time. In the minimization of demanded time, we also decided to contact corresponding authors only once. Making several attempts to contact authors would have increased the response rate in addition to the email burden. In addition, we contacted corresponding authors using only the email address listed on PubMed. In cases in which an author's name is unique and their institution is reasonably open in publishing contact information on the web, an Internet search might result in more current contact information. As Internet server providers increasingly deliberately disable nondelivery reports, the amount of expired email addresses might be underestimated, which was an endpoint our study could not assess. After careful consideration together with our internal review board we decided that the deception in this study was of minimal risk, justifiable, and not likely to cause harm. We decided that medical researchers were not a vulnerable or special population, and more likely than most to understand and see the value in what we regarded as a small but justified deception. We understood there could be complaints related to this project, which were reported to our review board.
To our knowledge, the current work is the largest study on responsiveness in the medical field; only two other small studies address this issue [9, 12] . In one study, which requested data sets of 10 authors, three did not reply and two email addresses were no longer working [9] . For a review needing additional data, 32% (six of 19) did not reply [12] . Similar problems have been encountered in other fields. Twenty-seven percent (38/141) of the psychologists contacted for their dataset left the inquiry unanswered [16, 17] . When the biologist requested raw data of morphologic research on plants and animals, they found a response rate of 36% (191/516) [14] . When Study Period (Years) Fig. 1 The histogram shows the proportion of corresponding authors who responded to our request for additional data between 2003 and 2013. evolutionary biologists were contacted in two other studies, 29% (51/176) [15] and 17% (five of 30) replied, the latter being a written request [5] . Journals might consider helping researchers who do not receive a response from a corresponding author by contacting the author as well, or by providing contact information of other researchers involved. If no satisfaction is obtained, the corresponding author could be denied future publication in that journal until the matter is resolved, similar to the hold on a library card for not returning a book. To our knowledge, this is the first study aimed to identify responder characteristics. We found a higher proportion of undeliverable emails among basic/translational researchers. Researchers in these fields seem to move or change their email more often.
Although still substantial, the rate of email decay has declined, as it ranged from 100% (nine of nine) to 24% (3915/16,340) in the previous decade (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) [18] versus 49% (21/43) to 0% (45/45) in our study. Undeliverable messages mainly result from expired email addresses, most likely because an author leaves an institution or changes his or her email address-a problem more pronounced in the field of basic and translational research. Possible solutions to decrease email decay would be to increase the number of email addresses on published papers [14] . In theory, personal email addresses might be more robust than institutional ones, because people might change institutes more often then they change their personal email; our results do not support this hypothesis. However, by requiring an institutional and a personal email address, the chances increase that at least one remains valid. A more rigorous step recently taken by some journals is listing the email addresses of all authors on the published paper and in PubMed [6] . Another adjustment would be to send an automated reply offering alternative ways to get in touch after the corresponding author has left the institution as opposed to making the address invalid, a remedy only encountered twice in our study. By linking published manuscripts to research platforms posting up-to-date contact information (similar to social media websites), email decay might become less relevant.
Our results show that only approximately 1 . 2 of all authors actively accept the responsibilities of corresponding authorship. In addition, email decay inhibits author correspondence substantially. Although email overload is a fact of everyday life, this does not alleviate the ethical responsibility of data sharing. Defining the responsibilities of corresponding authors by journals more explicitly, particularly after publication of their manuscript, may increase the response rate on data requests. Email decay might be decreased by: (1) listing two email addresses; (2) listing email addresses of all authors; (3) offering alternative ways to get in touch when the corresponding author leaves his or her institution; and (4) linking published manuscripts to research platforms. 
